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The mass and meson-current coupling constant of the resonance X(5568), as well as the width of
the decay X(5568) → B∗spi are calculated by modeling the exotic X(5568) resonance as a diquark-
antidiquark state Xb = [su][bd] with quantum numbers J
P = 1+. The calculations are made
employing QCD two-point sum rule method, where the quark, gluon and mixed vacuum condensates
up to dimension eight are taken into account. The sum rule approach on the light-cone in its soft-
meson approximation is used to explore the vertex XbB
∗
spi and extract the strong coupling gXbB∗spi,
which is a necessary ingredient to find the width of the Xb → B
∗
spi
+ decay process. The obtained
predictions are compared with the experimental data of the D0 Collaboration, and results of other
theoretical works.
PACS numbers: 12.39.Mk, 14.40.Rt, 14.40.Pq
I. INTRODUCTION
Investigation of the ”exotic” hadrons, which cannot
be described as usual qq¯ and qqq structures, and are
composed of more than three valence quarks is now one
of the intriguing and developing branches of high en-
ergy physics. Existence of such particles, their possible
properties, and experiments suitable for their observa-
tion were among interests of physicists during last three
decades. Starting from discovery of the theory of strong
interactions, i.e. the Quantum Chromodynamics (QCD),
a qualitative analysis of the exotic states were replaced
by the quantitative calculations of their parameters in
the strong context of the quantum field theory. Some of
parameters of the exotic states were computed in eight-
ies using namely the nonperturbative tools of QCD in
Refs. [1, 2]. But theoretical studies of the exotic parti-
cles then were not supported by a reliable experimental
information, which slowed the growth of the field.
Situation changed, when the various collaborations,
such as Belle, BaBar, BESIII, LHCb, CDF, and D0
started to supply the hadron physics by the valuable ex-
perimental data on the quantum numbers, masses, and
decay widths of new heavy resonances, some of which
were interpreted as four-quark (i.e., as tetraquark) ex-
otic states [3]. Experimental studies, naturally, boosted
suggestion of new theoretical models to explain an inter-
nal structure of the observed resonances, as well as led
to invention of new or adapting existing nonperturbative
approaches to meet problems of the new emerging field of
hadron physics. It is worth noting that during last years
a considerable success was achieved both in the experi-
mental and theoretical studies of the exotic states (see,
the reviews [4–12] and references therein).
Among the family of the tetraquarks the narrow res-
onance X(5568) has a unique position. The evidence
for existence of these resonance was announced recently
by the D0 Collaboration [13], which was founded on the
pp¯ collision data at
√
s = 1.96 TeV. It was observed
in the channel X(5568) → B0spi± through chain of de-
cays B0s → J/ψφ, J/ψ → µ+µ−, and φ → K+K−.
It is not difficult to conclude that the state X(5568)
consists of valence b, s, u and d quarks, and is pre-
sumably the first observed particle built of four differ-
ent quarks. The measured mass of this state equals to
mX = 5567.8 ± 2.9(stat)+0.9−1.9(syst)MeV, and its decay
width is Γ = 21.9± 6.4(stat)+5.0−2.5(syst)MeV. The D0 as-
signed to this particle the quantum numbers JP = 0+.
But if the resonance X(5568) decays as X(5568) →
B∗spi
± → B0sγpi± with unseen soft γ, then the differ-
ence m(B∗s ) − m(B0s ) should be added to the mass of
the resonance X(5568), whereas its decay width remains
unchanged [13]. In this case the resonance has the quan-
tum numbers JP = 1+. Stated differently, in accordance
with the results of the D0 Collaboration the resonance
X(5568) may be treated as the particle with JP = 0+ or
JP = 1+.
The decay channel B0spi
± was investigated by the
LHCb Collaboration utilizing the pp collision data at en-
ergies 7TeV and 8TeV collected at CERN [14]. The aim
was to confirm the existence of the X(5568) state and
measure its spectroscopic parameters. But the LHCb
Collaboration could not fix the resonance structure in
the B0spi
± invariant mass distribution at the energies less
than 6000 MeV. Very similar conclusions were drawn by
the CMS collaboration [15], in which a mass range up to
5900 MeV was searched for a possible structure, setting
an upper limit. Nevertheless, the D0 Collaboration from
analysis of the semileptonic decays of B0s meson recently
confirmed in Ref. [16] the observation of the X(5568) res-
onance. As is seen, experimental situation with the ex-
istence of the exotic state X(5568), supposedly built of
four different quark flavors, remains intriguing and un-
clear.
Namely these conditions make the theoretical studies
of the X(5568) state even more urgent than just after
first announcement of its observation. Suggestions about
inner organization of this particle as the bound state of
2a diquark and antidiquark, or as a meson molecule com-
pound were already made in Ref. [13]. Theoretical works,
appeared afterwards to determine the mass and decay
width of the X(5568) state followed mainly these sugges-
tions. Thus, in Ref. [17] it was considered as the diquark-
antidiquark structure Xb = [su][b¯d¯] with the quantum
numbers 0++, where its mass mXb and meson-current
coupling (hereafter, the meson coupling) fXb were cal-
culated. In the framework of the diquark-antidiquark
model the mass and other parameters of X(5568) were
also explored in Refs. [18–21]. The values for mXb found
in these works agree with each other, and are consistent
with the experimental data of the D0 Collaboration.
The width of the Xb → B0spi+ decay channel was cal-
culated in Ref. [22] employing for Xb the same structure
and interpolating current as in Ref. [17]. To this end,
authors applied QCD light-cone sum rule method and
soft-meson approximation adjusted for studying of the
tetraquark states in Ref. [23], where relevant explana-
tions and technical details can be found. The result for
Γ(X+b → B0spi+) derived in Ref. [22] describes correctly
the experimental data. The width of the decay channels
X±(5568) → Bspi± was also analyzed in Refs. [24, 25]
employing the three-point QCD sum rule approach. In
these works authors found a nice agreement between the
theoretical predictions for Γ(X± → B0spi±) and data, as
well.
As we have mentioned above, the X(5568) state can
also be considered as a molecule composed of B and K
mesons, which was realized in Refs. [26–28]. But in this
scenario, in accordance with Ref. [27], the mass of such
molecule and width of the decay X±(5568)→ Bspi± ex-
ceed the experimental data of D0, and predictions of the
diquark-antidiquark model. These facts were interpreted
in favor of the diquark-antidiquark organization of the
X(5568) state.
The experimental data of the D0 and LHCb collabora-
tions generated an appearance of interesting theoretical
works, where the structure and spectroscopic parameters,
production mechanisms of the X(5568) state were con-
sidered. The details of used methods, necessary expla-
nations, and conclusions made there concerning a nature
of the resonance X(5568) can be found in the original
papers [29–41].
In the present work we calculate the mass, meson
coupling of the Xb = [su][b¯d¯] diquark-antidiquark state
treating it as an axial-vector particle with the quantum
numbers JP = 1+. To this end, we apply QCD two-
point sum rule approach and include into our analysis
the quark, gluon and mixed condensates up to eight di-
mensions. We are also going to determine the width of
the decay Xb → B∗spi+ using the soft-meson version of
QCD light-cone sum rule method. Performed investiga-
tion should allow us to answer a question is the X(5568)
resonance a state with JP = 0+ or JP = 1+.
This work is organized in the following form. Sec-
tion II ie devoted to the sum rule calculations of the
mass and meson coupling of the axial vector Xb state.
Here we derive also the light-cone sum rule expression
for the strong coupling gXbB∗spi necessary to compute the
decay width of the process Xb → B∗spi+. In Sect. III we
conduct numerical calculations and extract values of the
mass, meson coupling and decay width under considera-
tion. Here we compare our results with the experimental
data and predictions of other theoretical works. Section
IVcontains our brief conclusions on the nature of the Xb
state based on the present studies. The explicit expres-
sions for the spectral density used in the two-point sum
rules are moved to Appendix .
II. THE QCD SUM RULES FOR THE
PARAMETERS OF THE AXIAL-VECTOR Xb
STATE
In this section we derive QCD sum rules required for
both the mass and decay width calculations. To this end,
we calculate the two-point spectral density necessary for
the mass and meson coupling computations. To extract
the width of the decay channel Xb → B∗spi+, we find
the strong coupling gXbB∗spi using the spectral densities
corresponding to different Lorentz structures in the cor-
responding correlation function.
A. Sum rules for the mass and meson coupling
In order to find QCD two-point sum rules for calcula-
tion of the mass and meson coupling of the Xb state we
consider the correlation function given below as
Πµν(q) = i
∫
d4xeiq·x〈0|T {Jµ(x)J†ν (0)}|0〉, (1)
where Jµ(x) is the interpolating current with the quan-
tum numbers of the Xb state. We consider Xb as a par-
ticle with the quantum numbers JP = 1+. Then in the
diquark-antidiquark model one of the acceptable inter-
polating currents Jµ(x) is defined by the expression [20]
Jµ(x) = s
T
a (x)Cγ5ub(x)
{
ba(x)γµCd
T
b (x)
−bb(x)γµCdTa (x)
}
, (2)
where a and b are color indices and C is the charge con-
jugation matrix.
In order to derive QCD sum rule expression we first
have to calculate the correlation function in terms of the
physical parameters of the Xb state. Saturating the cor-
relation function with a complete set of the Xb state and
performing integral over x in Eq. (1), we get
ΠPhysµν (q) =
〈0|Jµ|Xb(q)〉〈Xb(q)|J†ν |0〉
m2Xb − q2
+ ... (3)
with mXb being the mass of the Xb state. Here the dots
indicate contributions to the correlation function arising
3from the higher resonances and continuum states. We
define the meson coupling fXb using the matrix element
〈0|Jµ|Xb(q)〉 = fXbmXbεµ, (4)
where εµ is the polarization vector of the Xb state. Then
in terms of mXb and fXb , the correlation function can be
written in the form
ΠPhysµν (q) =
m2Xbf
2
Xb
m2Xb − q2
(
−gµν + qµqν
m2Xb
)
+ . . . (5)
Equation (5) has been derived within the single pole as-
sumption, which in the case of a multiquark state re-
quires additional justification. The reason is that for
such systems in the physical side of the sum rule one has
to take into account also two-hadron reducible contribu-
tions, which for the tetraquarks however are negligible
[42]. Therefore, we can apply the Borel transformation
directly to Eq. (5), which yields
Bq2ΠPhysµν (q) = m2Xbf2Xbe−m
2
X
b
/M2
(
−gµν + qµqν
m2Xb
)
+ . . .
(6)
From the QCD side the same function must be calcu-
lated employing of the quark-gluon degrees of freedom.
To this end, we contract the heavy and light quark fields
and find for the correlation function ΠQCDµν (q) the follow-
ing expression:
ΠQCDµν (q) = i
∫
d4xeiqx
{
Tr
[
γ5S˜
aa′
s (x)
×γ5Sbb
′
u (x)
]
Tr
[
γµS˜
a′b
d (−x)γνSb
′a
b (−x)
]
−Tr
[
γµS˜
b′b
d (−x)γνSa
′a
b (−x)
]
Tr
[
γ5S˜
aa′
s (x)
× γ5Sbb
′
u (x)
]
+Tr
[
γ5S˜
aa′
s (x)γ5S
bb′
u (x)
]
×Tr
[
γµS˜
b′a
d (−x)γνSa
′b
b (−x)
]
− Tr
[
γµS˜
a′a
d (−x)
× γνSb
′b
b (−x)
]
Tr
[
γ5S˜
aa′
s (x)γ5S
bb′
u (x)
]}
. (7)
In Eq. (7) Sabs(u,d)(x) and S
ab
b (x) are the light s, u, d
quarks and b-quark propagators, respectively. Here we
also use the notation
S˜s(d)(x) = CS
T
s(d)(x)C.
We work with the light quark propagator Sabq (x) defined
in the form
Sabq (x) = iδab
/x
2pi2x4
− δab mq
4pi2x2
− δab 〈qq〉
12
+iδab
/xmq〈qq〉
48
− δab x
2
192
〈qgsσGq〉 + iδabx
2/xmq
1152
×〈qgsσGq〉 − i gsG
αβ
ab
32pi2x2
[/xσαβ + σαβ/x]
−iδabx
2/xg2s〈qq〉2
7776
− δab x
4〈qq〉〈g2sG2〉
27648
+ . . . (8)
Let us emphasize that in calculations we set the light
quark masses mu and md equal to zero, preserving at
the same time dependence of the propagator Sabs (x) on
the ms. For the b-quark propagator S
ab
b (x) we employ
the formula given in Ref. [43]
Sabb (x) = i
∫
d4k
(2pi)4
e−ikx
{
δab (/k +mb)
k2 −m2b
−gsG
αβ
ab
4
σαβ (/k +mb) + (/k +mb)σαβ
(k2 −m2b)2
+
g2sG
2
12
δabmb
k2 +mb/k
(k2 −m2b)4
+
g3sG
3
48
δab
(/k +mb)
(k2 −m2b)6
× [/k (k2 − 3m2b)+ 2mb (2k2 −m2b)] (/k +mb) + . . .
}
.
(9)
In Eqs. (8) and (9) we use the notations
Gαβab = G
αβ
A t
A
ab, G
2 = GAαβG
A
αβ ,
G3 = fABCGAµνG
B
νδG
C
δµ, (10)
where a, b = 1, 2, 3 and A,B,C = 1, 2 . . . 8 are the color
indices. Here tA = λA/2, and λA are the Gell-Mann
matrices. In the nonperturbative terms the gluon field
strength tensor GAαβ ≡ GAαβ(0) is fixed at x = 0.
The correlation function ΠQCDµν (q) can be decomposed
over the Lorentz structures ∼ gµν and ∼ qµqν . The
QCD sum rule expressions can be obtained after fix-
ing the same Lorentz structures in the both ΠPhysµν (q)
and ΠQCDµν (q). We choose the term ∼ gµν , which re-
ceives a contribution from only spin-1 states, whereas
the invariant amplitude corresponding to the structure
∼ qµqν forms due to contributions of both spin-0 and
spin-1 states.
The chosen invariant amplitude ΠQCD(q2) can be writ-
ten down as the dispersion integral
ΠQCD(q2) =
∫ ∞
(mb+ms)2
ρQCD(s)
s− q2 ds+ ..., (11)
where ρQCD(s) is the two-point spectral density. Now
utilizing the Borel transformation to ΠQCD(q2) , equat-
ing the obtained expression with the relevant part of
the function Bq2ΠPhysµν (q), and subtracting the continuum
contribution we, as a result, get the required sum rule.
Then the mass of the Xb state can be evaluated from the
sum rule
m2Xb =
∫ s0
(mb+ms)2
dssρQCD(s)e−s/M
2∫ s0
(mb+ms)2
dsρ(s)e−s/M2
. (12)
To extract the meson coupling fXb we can employ the
sum rule formula
m2Xbf
2
Xb
e−m
2
X
b
/M2 =
∫ s0
(mb+ms)2
dsρQCD(s)e−s/M
2
. (13)
4The key component of these expressions is the two-
point spectral density ρQCD(s). Because the methods
for its derivation were presented in the literature (see,
Ref. [23]), here we omit technical details of calculations
moving the final expressions of the spectral density and
its components to Appendix .
B. Strong coupling gXbB∗s pi and width of the decay
Xb → B
∗
spi
+
In this subsection we outline the soft-meson approxi-
mation of QCD light-cone sum rule method used here to
explore the strong vertex XbB
∗
spi and find the sum rule
expression for the coupling gXbB∗spi. The latter will be
used to calculate the width of the Xb → B∗spi+ decay
process.
To this end, we start from the correlation function
Πµν(p, q) = i
∫
d4xeipx〈pi(q)|T {JB∗sµ (x)J†ν (0)}|0〉, (14)
where the interpolating current for the B∗s meson has the
form
J
B∗
s
µ (x) = bl(x)γµsl(x), (15)
whereas Jν(x) is defined by Eq. (2). Here p, q and p
′ =
p+ q are the momenta of the mesons B∗s and pi, and the
Xb state, respectively.
To derive the sum rule for the strong coupling gXbB∗spi,
we follow the standard prescriptions of the QCD sum rule
approach and calculate Πµν(p, q) in terms of the physical
parameters of the involving particles. Then we obtain
ΠPhysµν (p, q) =
〈0|JB∗sµ |B∗s (p)〉
p2 −m2B∗
s
〈B∗s (p)pi(q)|Xb(p′)〉
×〈Xb(p
′)|J†ν |0〉
p′2 −m2Xb
+ . . . . (16)
where the dots denote, as usual, contributions of the
higher resonances and continuum states. The expression
of the function ΠPhysµν (p, q) can be further simplified and
expressed in terms of the particle parameters if introduce
the new matrix elements
〈0|JB
∗
s
µ |B∗s (p)〉 = fB∗smB∗s εµ,
〈B∗s (p)pi(q)|Xb(p′)〉 = [(p · p′)(ε∗ · ε′)
−(p · ε′)(p′ · ε∗)] gXbB∗spi, (17)
where fB∗
s
, mB∗
s
, εµ are the decay constant, mass and
polarization vector of the B∗s (p) meson, and ε
′
ν is the
polarization vector of the Xb state.
Using these matrix elements, as well as one given by
Eq. (4), one can rewrite the correlation function as
ΠPhysµν (p, q) =
fB∗
s
fXbmXbmB∗s(
p′2 −m2Xb
)(
p2 −m2B∗
s
)gXbB∗spi
×
(
m2Xb +m
2
B∗
s
2
gµν − p′µpν
)
+ . . . (18)
It evidently contains two Lorentz structures gµν and
p′µpν . We are going to use both of them to derive the
sum rules for the coupling gXbB∗spi and compare our re-
sults with each other in order to estimate a sensitivity
of the obtained predictions to the chosen structures. Be-
low we consider explicitly the correlation function corre-
sponding to gµν , and provide only final expression for the
spectral density ρ˜QCDc (s) derived using the terms ∼ p′µpν .
In the soft-meson limit, i.e. in the limit q = 0, the
Borel transformation of the invariant amplitude corre-
sponding to gµν has the form [Ref. [23]],
ΠPhys(M2) = fB∗
s
fXbmXbmB∗s gXbB∗spim
2
× 1
M2
e−m
2/M2 + · · · , (19)
where m2 = (m2Xb +m
2
B∗
s
)/2.
It is known, that to obtain the sum rule expression
for the strong coupling of the three-hadron vertex, in
the soft-meson approximation one has to apply the one-
variable Borel transformation instead of the two-variable
Borel transformation accepted in the standard light-cone
sum rule procedures [23]. As a results, the hadronic
part of the sum rule becomes more complicated and con-
tains contributions of transitions from exited states to
the ground level, shown in Eq. (19) as the dots, which in
the soft-meson approximation are unsuppressed even af-
ter Borel transformation. In order to remove these terms
from the hadronic side one has to use some technical
tools. One of such methods was suggested in Ref. [44],
which implies acting by the operator(
1−M2 d
dM2
)
M2em
2/M2 (20)
to both the hadronic and QCD sides of the sum rule. It
was successfully used in Ref. [23], and is adopted in the
present work, as well.
But before that we have to calculate the correlation
function Eq. (14) in terms of the quark propagators and
find QCD side of the sum rule. Contractions of s and
b-quark fields in Eq. (14) give
ΠQCDµν (p, q) = i
∫
d4xeipx
{[
γ5S˜
ia
s (x)γµ
×S˜bib (−x)γν
]
αβ
〈pi(q)|ubαdaβ |0〉
−
[
γ5S˜
ia
s (x)γµS˜
ai
b (−x)γν
]
αβ
〈pi(q)|ubαdbβ |0〉
}
,(21)
where α and β are the spinor indices, the quark fields are
defined at x = 0.
In the soft-meson approximation the QCD side of the
sum rule is considerably simpler than one in the standard
approach. Indeed, in the standard light-cone sum rule
the non-local matrix elements of the hadrons (in the case
under analysis, of the pion) are expressed in terms of
its various distribution amplitudes, whereas in the soft-
meson limit we get only few local matrix elements.
5The following stages of calculations include applying
of the expansion
ubαd
a
β →
1
4
Γjβα
(
ubΓjda
)
, (22)
where Γj is the full set of Dirac matrixes, performing
the color summation and inserting into the quark matrix
elements the gluon field strength tensor G. These opera-
tions lead to the correlation function ΠQCDµν (p, q), which
depends on the two and three-particle matrix elements
of the pion: Let us note that in the present work we ne-
glect terms ∼ G2 and ∼ G3. The final step in this way is
computation of the imaginary part of the obtained cor-
relation function to extract the desired spectral density.
Because these manipulation are described in a clear form
in Ref. [23], we refrain from providing further details and
write down the final expression for ρQCDc (s) obtained in
this work as the sum its the perturbative and nonpertur-
bative parts
ρQCDc (s) = ρ
pert.
c (s) + ρ
n.−pert.
c (s), (23)
where
ρpert.c (s) =
fpiµpi
48pi2s2
(m2b − s)(m4b +m2bs− 6mbmss− 2s2)
(24)
and
ρn.−pert.c (s) =
fpiµpi
12
〈ss〉
[
smsδ
(1)
(s−m2b)
+(ms − 2mb)δ(s−m2b)
]
+
fpiµpi
72
〈sgsσGs〉
×
{
3(2mb −ms)δ
(1)
(s−m2b) + s(3mb − 5ms)
×δ(2)(s−m2b)− s2msδ(3)(s−m2b)
}
. (25)
The contributions ∼ δ(n)(s − m2b) = (d/ds)nδ(s − m2b)
arise from the imaginary part of the pole terms.
Calculations of the spectral density ρ˜QCDc (s) performed
employing the terms, which in the soft limit transform to
ones ∼ p′µpν , yield:
ρ˜pert.c (s) =
fpiµpi
24pi2s3
(s3 − 3sm4b + 2m6b) (26)
and
ρ˜n.−pert.c (s) = −
fpiµpi
6
ms〈ss〉δ
(1)
(s−m2b)
+
fpiµpi
36
ms〈sgsσGs〉
[
4δ(2)(s−m2b)
+sδ(3)(s−m2b)
]
. (27)
As is seen, the spectral densities depend on the pa-
rameters fpi and µpi of the pion through the local matrix
element
〈0|diγ5u|pi(q)〉 = fpiµpi, (28)
where
µpi =
m2pi
mu +md
= −2〈qq〉
f2pi
. (29)
Performing the continuum subtraction in the standard
manner and applying the operator Eq. (20), we get the
sum rule to evaluate the strong coupling
gXbB∗spi =
1
fB∗
s
fXbmXbmB∗sm
2
(
1−M2 d
dM2
)
M2
×
∫ s0
(mb+ms)2
dse(m
2−s)/M2ρQCDc (s). (30)
The similar computations for the structure p′µpν give:
g˜XbB∗spi =
1
fB∗
s
fXbmXbmB∗s
(
1−M2 d
dM2
)
M2
×
∫ s0
(mb+ms)2
dse(m
2−s)/M2 ρ˜QCDc (s). (31)
The width of the decay Xb → B∗spi+ can be borrowed
from Ref. [23], and is identical for both the strong cou-
plings gXbB∗spi and g˜XbB∗spi
Γ
(
Xb → B∗spi+
)
=
g2XbB∗spim
2
B∗
s
24pi
λ
(
mXb , mB∗s ,mpi
)
×
[
3 +
2λ2
(
mXb , mB∗s ,mpi
)
m2B∗
s
]
, (32)
where
λ(a, b, c) =
√
a4 + b4 + c4 − 2 (a2b2 + a2c2 + b2c2)
2a
.
The final expressions (30), (31) and (32) will be used for
numerical analysis of the decay channel Xb → B∗spi+.
III. NUMERICAL RESULTS
The QCD sum rules contain numerous parameters, i.e.
quark, gluon and mixed condensates, masses of the b and
s quarks, and B∗s meson’s mass and decay constant fB∗s .
Values of these parameters are written down in Table
I. Let us note, that we use the well known values for
the quark-gluon condensates and fix them within usual
procedures. The gluon condensate 〈g3sG3〉, which is not
commonly employed in the sum rule calculations, is bor-
rowed from Ref. [45]. Further we choose the mass of the
b quark in the MS scheme at the scale µ = mb, whereas
for the decay constant fB∗
s
invoke the result presented in
Ref. [46]. Other parameters are taken from Ref. [47].
The QCD sum rule expressions depend also on the con-
tinuum threshold s0 and Borel parameterM
2. To extract
values of the quantities under consideration we have to
choose such regions for these parameters, where depen-
dence of the physical quantities under consideration on
6Parameters Values
mB∗
s
(5415.4+2.4
−2.1 MeV
mB0
s
(5366.77 ± 0.24) MeV
fB∗
s
(225± 9) MeV
mpi 139.57 MeV
fpi 0.131 GeV
mb (4.18± 0.03) GeV
ms (95± 5) MeV
〈q¯q〉 (−0.24 ± 0.01)3 GeV3
〈s¯s〉 0.8 〈q¯q〉
m20 (0.8± 0.1) GeV
2
〈sgsσGs〉 m
2
0〈s¯s〉
〈αsG
2
pi
〉 (0.012 ± 0.004) GeV4
〈g3sG
3〉 (0.57± 0.29) GeV6
TABLE I: Input parameters.
them is minimal. In practice, however we may only to
reduce effect connected with our choices of the windows
for s0 and M
2.
The QCD sum rule method, as we know, suffers from
the theoretical uncertainties, which are its unavoidable
property. The main sources of ambiguities in extracting
the physical quantities under question are the continuum
threshold s0 and Borel parameter M
2. But procedures
to extract these parameters are well defined in the con-
text of the sum rule method itself, where obtained results
depend on an accuracy of the calculations.
Here some comments are necessary concerning the the-
oretical accuracy achieved in the present work in deriv-
ing the spectral density ρQCD(s). In fact, there are some
features of ρQCD(s), which differ it from the existing cal-
culations. First, all its higher dimensional components
ρk(s), including ρ7(s) one, are nonzero and contribute
to ρQCD(s). Secondly, apart from the quark, gluon and
mixed condensates 〈qq〉, 〈αsG2/pi〉 and 〈qgsσGq〉, the
spectral density ρQCD(s) encompasses effects of the terms
∼ 〈αsG2/pi〉2 and ∼ 〈g3sG3〉 appearing due to more de-
tailed formulas for the quark propagators accepted in the
present work.
The working window for the Borel parameter is deter-
mined from joint requirement of the ground state dom-
inance in the sum rule and convergence of the relevant
operator product expansion. The latter implies suppres-
sion of the nonperturbative terms’ contributions to the
sum rule within chosen interval for M2. As a result, for
the mass and meson coupling calculations we fix the fol-
lowing range for M2
3 GeV2 ≤M2 ≤ 6 GeV2. (33)
The choice of the continuum threshold s0 depends on the
energy of the first excited state with the same quantum
numbers and content as the particle under consideration.
It can be extracted from comparative analysis of the pole
contribution and higher states-continuum contributions
FIG. 1: The pole/continuum contribution to the sum rule. By
the red (dashed) curve the total higher states and continuum
contributions are plotted.
FIG. 2: The mass mXb of the axial-vector Xb state vs Borel
parameter M2.
in the relevant operator product expansion: The former
contribution should overcome the latter one. Results of
the performed numerical computations are shown in Fig.
1.
The analysis performed on the basis of this ρQCD(s)
allows us to determine the range of s0 as
43 GeV2 ≤ s0 ≤ 45 GeV2. (34)
With these main parameters at hands we can proceed
and carry out computations of the mass and meson cou-
pling of the Xb state utilizing corresponding two-point
sum rules. Our results for mXb and fXb are plotted in
Figs. 2 and 3. As is seen, in the working regions of s0
and M2 the mass and meson coupling demonstrate de-
pendencies on these parameters, which are, nevertheless,
mild. Hence, considering Xb as the axial-vector diquark-
antidiquark state, for its mass we obtain
mXb = (5864± 158) MeV, (35)
7FIG. 3: The meson coupling fXb as the function of M
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whereas for the meson-current coupling fXb we get
fXb = (0.42± 0.14) · 10−2 GeV4. (36)
To compare our result for the mass of the state Xb with
quantum numbers JP = 1+ with the experimental data
of the D0 Collaboration, we first have to find this value.
In accordance with explanations in Ref. [13], it is defined
by the expression
m[X(1+)] = m[X(0+)] +m(B∗s )−m(B0s ). (37)
This equality, when taking into account m(B∗s ) −
m(B0s ) ≃ 48.7 MeV (see, Refs. [47]), leads to the ex-
perimental value
m[X(1+)] ≃ 5617MeV. (38)
In other words, treating X(5568) as an axial-vector par-
ticle, we have to consider Eq. (38) as the data of the D0
Collaboration. Then it becomes clear that, our predic-
tion for the mass of Xb differs from the result of the D0
Collaboration given by Eq. (38): Even after taking into
account errors of calculations it overshoots corresponding
experimental result.
In evaluation of the strong coupling gXbB∗spi the window
for the Borel parameter shifts towards larger values
6 GeV2 ≤M2 ≤ 8 GeV2, (39)
whereas the range of s0 remains unchanged. Results of
our computations of the strong coupling gXbB∗spi and its
dependence on M2 and s0 are depicted in Figs. 4 and
5, respectively. One can see, that the strong coupling is
sensitive to the choice of the Borel parameter and almost
stable under varying of s0.
The coupling gXbB∗spi extracted from the sum rule Eq.
(30) reads
gXbB∗spi = (0.20± 0.05) GeV−1. (40)
FIG. 4: Dependence of the strong coupling gXbB∗spi on the
Borel parameter M2.
FIG. 5: The strong coupling gXbB∗spi as a function of s0 at
some fixed values of M2.
Carrying out similar numerical analysis for the coupling
g˜XbB∗spi we find:
g˜XbB∗spi = (0.21± 0.06) GeV−1. (41)
The difference between predictions for the couplings ob-
tained using the different Lorentz structures is rather
small. We use its mean value g ⇒ (g + g˜)/2 to eval-
uate the width of the decay Xb → B∗spi+ process and
get
Γ(Xb → B∗spi+) = (20.2± 6.1) MeV, (42)
whereas the experiment gives Γexp[X(5568)→ B∗spi+] =
21.9± 6.4(stat)+5.0−2.5(syst)MeV.
In other words, the present investigation of the
X(5568) resonance and comparison of the obtained pre-
dictions with data of the D0 Collaboration does not con-
firm an axial-vector nature of this diquark-antidiquark
state, the mass m[Xb(1
+)] parameter being the decisive
argument in making this conclusion.
8Within QCD sum rule approach the mass of the
X(5568) state as an axial-vector particle was also inves-
tigated in Ref. [20]. The result obtained in this paper for
the mass of the exotic state Xb reads
m[Xb(1
+)] = 5.59± 0.15GeV. (43)
As is seen, there is a discrepancy between our predic-
tion for m[Xb(1
+)] and result of Ref. [20]. The possible
source of the dissonance is the working regions for the
parameters s0 and M
2 used there, which were extracted
by means of the two-point spectral density that differs
from ρQCD(s) derived in the present work, as it has been
noted above.
IV. CONCLUDING REMARKS
In the current work we have done QCD sum rule anal-
ysis of the exotic Xb state by considering it as an axial-
vector particle built of a diquark and antidiquark. We
have computed the mass mXb and decay width of the
process Xb → B∗spi+, and compared our results with ex-
perimental data of the D0 Collaboration, as well as with
theoretical prediction for mXb made in Ref. [20]. Our
result for the mass of the axial-vector exotic state Xb ex-
ceeds the experimental data, whereas the decay width of
the process Xb → B∗spi+ calculated using two different
structures in the correlation function is compatible the
experimental data. Despite this last fact, we make our
conclusion relying mainly on the mass calculation: If the
X(5568) resonance exists and its parameters measured
by the D0 Collaboration are correct, then the present
analysis with high level of confidence excludes, that it is
an axial-vector diquark-antidiquark state with JP = 1+.
It is interesting to note, that the same parameters were
evaluated in Refs. [17, 22] using the diquark-antidiquark
model for the Xb state with quantum numbers J
P =
0+. In these works a satisfactory agreement with the
experimental data of the D0 Collaboration were found.
Further investigations are required to clarify the exper-
imental situation and theoretical questions surrounding
the X(5568) resonance. But possible outputs of such
studies justify efforts paid for their realization, because
the X(5568) state is very intriguing and interesting par-
ticle, supposedly composed of four-quarks of the differ-
ent flavor, and its investigation may shed light on many
problems of hadron physics.
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Appendix: The two-point spectral density
This appendix contains the results obtained for the
two-point spectral density
ρQCD(s) = ρpert.(s) +
8∑
k=3
ρk(s), (A.1)
used to calculate from the QCD sum rules the mass and
meson coupling of the Xb state. In Eqs. (A.1) and (A.2)
by ρk(s) we denote the nonperturbative contributions to
ρQCD(s). The explicit expressions for ρpert(s) and ρk(s)
are presented here as the integrals of the Feynman pa-
rameter z:
9ρpert(s) =
1
12288pi6
a∫
0
dzz4
(z − 1)3
[
m2b + s(z − 1)
]3 [
m2b + 5s(z − 1)
]
,
ρ3(s) =
1
128pi4
a∫
0
dzz2
(z − 1)2
[
m2b + s(z − 1)
]{
2〈dd〉mb
[
m2b + s(z − 1)
]
+ms(z − 1) (〈ss〉 − 2〈uu〉)
[
m2b + 3s(z − 1)
]}
,
ρ4(s) =
1
9216pi4
〈αsG
2
pi
〉
a∫
0
dzz2
(z − 1)3
{
m4b(13z
2 − 21z + 9) + 2m2bs
(
23z3 − 63z2 + 58z − 18)+ s2(z − 1)3(32z − 27)},
ρ5(s) =
m20
192pi4
a∫
0
dzz
(1− z)
{
3mb〈dd〉
[
m2b + s(z − 1)
]
+ms(z − 1)(〈ss〉 − 3〈uu〉)
[
m2b + 2s(z − 1)
]}
,
ρ6(s) =
1
61440pi6
m2b〈g3sG3〉
a∫
0
dz
z5
(1− z)3 +
1
1296pi4
a∫
0
dz
{
g2s〈dd〉2z
[
m2b + 2s(z − 1)
]
+ 54pi2mbms〈dd〉(〈ss〉 − 2〈uu〉)
+z
[
g2s(〈uu〉2 + 〈ss〉2) + 108pi2〈ss〉〈uu〉
] [
m2b + 2s(z − 1)
]}
,
ρ7(s) =
1
1152pi2
〈αsG
2
pi
〉
a∫
0
dz
{
8mb〈dd〉+ms [3z〈ss〉+ 2〈uu〉(1− 4z)]
}
,
ρ8(s) =
11
73728pi2
〈αsG
2
pi
〉2
a∫
0
zdz +
1
24pi2
m20〈ss〉〈uu〉
a∫
0
(z − 1)dz, (A.2)
where a = 1−m2b/s.
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